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(54) Bi-directional tapered roller bearing 

(57) A bi-directional tapered roller bearing 100 has 
a first cone rib ring thrust face C adjacent and facing the 
small diameter end faces 144 of roller elements 130, a 
second cone rib ring thrust face B adjacent and facing 
the large diameter end faces 142 of the roller elements 
1 30, and a cup rib ring thrust face A adjacent and facing 
the large diameter end faces 142 of the roller elements 
130. The bearing components are arranged such that, 



during primary thrust load operation, there is a gap (e) 
between thrust face C and the small diameter end faces 
1 44 of the roller elements 1 30, a gap (d) between thrust 
face A and the large diameter end faces 1 42 of the roller 
elements 130, and contact between thrust face B and 
the large diameter end faces 142 of the roller elements 
130. With this arrangement, bearing roller element cen- 
trifugal loads act to reduce the contact forces between 
the roller elements and the bearing races. 
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Description 

[0001] The invention relates to tapered roller bearings 
with the ability to handle thrust loads in both axial direc- 
tions. 

[0002] Roller bearings for handling thrust loads in 
both axial directions are well known in the art and are 
sometimes referred to as bi-directional tapered roller 
thrust bearings. One application for such bearings is as 
a main shaft bearing for a gas turbine engine. Gas tur- 
bine engine major or "primary" bearing thrust loads are 
in one of either the forward or rearward directions, but 
there are circumstances where the bearings must deal 
with significant, but much smaller "minor" bearing thrust 
loads in the opposite or reverse direction from the pri- 
mary loads. (Hereinafter, "reverse" thrust loads means 
thrust loads that are in the opposite direction of the pri- 
mary thrust loads.) A bi-directional tapered roller bear- 
ing is able to handle both the major and minor thrust 
loads, thereby eliminating the need for a costly, energy 
consuming thrust balance mechanism, or eliminating 
the need for a second, smallerthrust bearing for accom- 
modating the minor reverse thrust loads. 
[0003] One such bi-direction roller thrust bearing is 
shown and described U. S. Patent 5,735,612 "Single 
Row Tapered Roller Bearing" by G. P. Fox and J. R. Di- 
etric. In its basic form the bi-directional tapered roller 
thrust bearing has an inner annular tapered race on its 
cone and an outer annular tapered race on its cup, with 
tapered roller elements disposed circumferentially in the 
space therebetween for rolling contact between the roll- 
er elements tapered surfaces and the inner and outer 
races. At the large diameter end of the cup race a cup 
rib face extends radially inwardly adjacent the large di- 
ameter ends of the roller elements; and at the small di- 
ameter end of the cone race a cone rib face extends 
radially outwardly adjacent the small diameter ends of 
the roller elements. During primary thrust operation, the 
large diameter ends of the roller elements press against 
the cup rib face; but most of the major thrust loads are 
transferred from the cone into the cup (and thence into 
the structure supporting the cup) through the roller ele- 
ments via the line contact between the roller element 
tapered rolling surfaces and the races. This is due to the 
fact that under primary thrust loads the roller elements 
are "wedged- between the races. 
[0004] On the other hand, during reverse thrust load- 
ing, the roller elements are substantially unloaded from 
contact with the races. The cone rib face presses 
against the small diameter ends of the roller elements, 
and the cup rib face presses against the large diameter 
ends of the roller elements, thereby transferring the re- 
verse thrust load through the roller elements from the 
cone rib to the cup rib in a direction generally perpen- 
dicular to the end faces of the roller elements. 
[0005] The drawback of prior art bi-directional tapered 
roller bearings occurs during primary thrust loading, not 
reverse thrust loading. When experiencing primary 
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thrust loads, the contact forces between the bearing rac- 
es and the tapered rolling surfaces of the roller elements 
have turned out to be too large for some applications, 
such as where space is at a premium, and low weight 
5 coupled with long life are required. One such application 
is gas turbine aircraft engines. For example, if a prior art 
bi-directional tapered roller bearing having the requisite 
life expectancy is too large for the available space, then 
it cannot be used. Or, if the space is available, the weight 
io penalty may be unacceptable. In either case, the bene- 
fits of the bi-directional tapered roller bearing would not 
be available for that application. It is desired to have a 
bi-directional tapered roller bearing that does not have 
the aforementioned drawback. 
15 [0006] The present invention provides a bi-directional 
tapered roller bearing having a first cone rib ring thrust 
face (face "C", for future reference) adjacent and facing 
the small diameter end faces of the roller elements, a 
second cone rib ring thrust face (face "B", for future ref- 
erence) adjacent and facing the large diameter end fac- 
es of the roller elements, and a cup rib ring thrust face 
(face "A", for future reference) adjacent and facing the 
large diameter end faces of the roller elements, the 
bearing components being constructed and designed 
such that during primary thrust load operation there is a 
gap between thrust face C and the small diameter end 
faces of the roller elements and a gap between thrust 
face A and the large diameter end faces of the roller el- 
ements, and at the same time there is contact between 
thrust face B and the large diameter end faces of the 
roller elements. 

[0007] In the prior art bi-directional tapered roller 
bearing configuration of U. S. Patent 5,735,612, cited 
above, there are only thrust faces corresponding to 
thrust faces A and C. There is no thrust face B. As dis- 
cussed above, in the prior art bearing the primary thrust 
loads were forcing the large diameter end faces of the 
roller elements against thrust face A. In accordance with 
the present invention, by adding a thrust rib ring (with 
its thrust face B) to the bearing at the large diameter end 
of the cone race, and by maintaining a gap between 
thrust face A and the large diameter end faces of the 
roller elements during primary thrust operation, the pri- 
mary thrust loads now force the roller element end faces 
against thrust face B. The result is that bearings of the 
present invention will have significantly lower contact 
forces between the roller elements and races, as com- 
pared to the race contact forces on the same size bi- 
directional tapered roller bearings of the prior art. The 
reason for the lower contact force on the races is that 
the centrifugal forces generated by the roller elements 
during primary thrust load operation add to the contact 
forces against the cup race of the prior art design, but 
subtract from the contact forces against the cone race 
of the present invention. 

[0008] In applications where high contact forces be- 
tween the roller elements and races of a prior art bi-di- 
rectional bearing necessitate the use of a bearing that 
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is undesirably large in order to achieve a certain desired 
life expectancy, the present invention allows the use of 
a smaller bearing. Alternatively, the substitution of a pri- 
or art bi-directional bearing with a bearing of the present 
invention of the same size results in a longer bearing 
life. As stated earlier, the bearing of the present inven- 
tion is particularly useful in aircraft gas turbine engines, 
where weight is critical and space is limited. For one par- 
ticular gas turbine engine application it was estimated 
that the present invention could increase the bearing life 
by a factor of four or more compared to the same size 
bi-directional tapered roller bearing design of the prior 
art. 

[0009] A preferred embodiment of the present inven- 
tion will now be described, by way of example only, with 
reference to the accompanying drawings in which: 

Fig. 1 is a fragmentary, simplified, cross-sectional 
view of a gas turbine engine having a bearing ac- 
cording to the present invention incorporated there- 
in. 

Fig. 2 is an enlarged, sectional view of the bearing 
of the present invention shown in Fig. 1 . 

[0010] With reference to Fig. 1 , an external view of an 
aircraft gas turbine engine 99 is depicted in the lower 
portion of the Figure. Enlarged, simplified cross section- 
al views of internal engine portions are depicted above 
the external view, with their location within the engine 
indicated by phantom lines. 

[0011] A bi-directional tapered roller thrust bearing 
100 according to the present invention is shown as the 
sole thrust bearing supporting the forward end of a shaft 
1 02 which connects the low compressor and low turbine 
of the engine 99. The rotational axis of the shaft 102 is 
designated by the reference n umeral 1 03. A convention- 
al roller bearing 104 supports the rear end of the shaft 
102. If desired, the bi-directional tapered roller bearing 
of the present invention could be placed at the rear of 
the shaft, with the conventional roller bearing at the 
front. The bearings facilitate rotation of the shaft, and 
are secured to the shaft and to non-rotating engine 
structure by well known means (such as flanged cones 
106, 108, 109, intermediate case strut 110, turbine exit 
guide vane 112, and case 114), and ultimately to an en- 
gine mount system (not shown) which secures the en- 
gine to the aircraft. A plurality of compressor disks 116 
are fixedly connected to the forward end of the shaft 1 02 
by suitable means, such as a flange and bolt arrange- 
ment generally represented by the reference numeral 
118, and a spline connection 120 between a stub shaft 
122 and the shaft 102. A plurality of turbine disks 124 
are fixedly secured to the rear end of the shaft 1 02, such 
as by flanged conical member 101 . Thrust loads in either 
direction, as well as radial loads, are transferred from 
the shaft 102, through the bi-directional tapered roller 
bearing 1 00 and into the non-rotating structure. For pur- 
poses of this description it is assumed the primary en- 



gine thrust load is a rearward thrust load, and the re- 
verse (i.e. minor) thrust load is a forward thrust load. 
[0012] Details of the means and manner of securing 
the compressor and turbine components to the shaft, as 
5 well as sealing arrangements between rotating and non- 
rotating components are not a part of the present inven- 
tion and, to the extent shown and described, are for ref- 
erence purposes only. 

[0013] The present invention is best understood with 

10 reference to the enlarged drawing of the bi-directional 
tapered roller bearing 1 00 in Fig. 2. The bearing includes 
an outer annular cup 126, an inner annular cone 128, 
and a plurality of tapered roller elements 1 30, only one 
of which is shown in the drawing. Each rolling element 

15 1 30 has a rolling surface 1 31 . An inwardly facing annular 
surface 132 of the cup is concentric with the shaft axis 
103 and is the outer race (or cup race) of the bearing. 
The outer race tapers from a larger diameter at its for- 
ward end to a smaller diameter at its rearward end, and 

20 surrounds and is radially spaced from an outwardly fac- 
ing annular surface 134 of the cone 128. The surface 
134 is the inner race (or cone race) of the bearing and 
is also concentric with the shaft axis 1 03. Like the outer 
race, the inner race tapers from a larger diameter at its 

25 forward end to a smaller diameter at its rearward end. 
An inwardly facing surface 135 of the cone fits tightly 
over the outwardly facing cylindrical surface of the stub 
shaft 122, and is located axially by a stack-up of parts 
between an annular locating rib 1 36 (Fig. 1 ) on the stub 

30 shaft 122, and a ring nut 138. The cone 128 is unable 
to rotate relative to the shaft 102. The tapered rollers, 
trapped within a cage 140 which maintains a uniform 
spacing between them, are circumferentially disposed 
in a single row within the annular space between the 

35 inner and outer races. Each of the rollers tapers from a 
larger diameter end face 1 42, facing forward, to a small- 
er diameter end face 144, facing rearward. 
[0014] Adjacent the forward end of the cup 126 and 
fixed relative thereto is a forward cup ring 146. In this 

40 embodiment the cup ring and the cup are two separate 
rings that mate at an interface 148; however, they may 
be integral with each other, if desired, and as long as 
the bearing is otherwise constructed so that assembly 
is possible. The radially outwardly facing cylindrical sur- 

45 faces 149a and 149b of the forward cup ring 146 and 
the cup 126, respectively, fit tightly on the radially in- 
wardly facing cylindrical surfaces 1 50a and 150b of sta- 
tionary annular bearing housing members 152a, 152b, 
respectively. The housing members hold the cup ring 

50 146 and cup 126 in abutting relationship, and prevent 
their axial movement. The cup ring 146 includes an an- 
nular thrust face "A" which extends radially inwardly 
from the larger diameter forward end of the outer race 
1 32 adjacent and facing a portion of the large diameter 

55 end faces 142 of the roller elements. A gap "d M exists 
between the thrust face A and the roller element end 
faces 1 42 when the primary rearward thrust load pushes 
the roller elements 1 30 toward the rear. 
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[0015] At the radially outermost end of the inner race 
surface 134 and integral with the cone 128 is a forward 
cone ring 1 54 having an annular thrust face "B" extend- 
ing radially inwardly adjacent and facing a portion of the 
larger diameter end faces 142 of the roller elements, (f 
desired, the forward cone ring 154 need not be integral 
with the cone 128, but could be a separate ring fixed 
axially relative to the cone 128. 

[0016] At the radially innermost end of the inner race 
surface 134 the bearing includes a rear cone ring 156 
having an annular thrust surface "C" extending radially 
inwardly adjacent and facing a portion of the smaller di- 
ameter end faces 144 of the roller elements. The ring 
156 fits tightly on a cylindrical surface 158 of the cone 
128, and is also forced axially against the rearwardly 
facing surface 159 of the cone 128 by the ring nut 138. 
The distance between the thrust faces B and C is greater 
than the length of the roller elements by an amount "e", 
which, in Fig. 2, is shown as a gap between the roller 
element end faces 144 and thrust face C. 
[0017] Radial oil holes 160a, 160b, and 160c are 
shown extending through, respectively, the thrust ring 
1 54, cone 1 28. and thrust ring 1 56. Appropriate passag- 
es (not shown are provided between the radially out- 
wardly facing surface 1 61 of the stub shaft 122 and the 
radially inwardly facing surfaces of the cone 128 and 
cone ring 156 to assure that oil reaches the oil holes; 
however the bearing oiling system is not a part of the 
present invention. 

[0018] The bearing 1 00 operates as follows: Primary 
engine thrust loads on the bearing 100 are represented 
in Fig. 2 by the large arrows labeled "P". The load P acts 
to move the shaft 1 02 in a rearward direction relative to 
the stationary engine structure, such as the outer bear- 
ing housing members 1 52a and 1 52b. More specifically, 
the load P acts through thrust face B and the cone race 
1 34 to push the roller elements 1 30 rearwardly, increas- 
ing the contact force of the roller elements against the 
race surfaces 132, 134 as the race surfaces move to- 
ward each other. While almost all of the primary thrust 
load P passes through the roller elements into the sta- 
tionary structure via contact between the roller elements 
and the race surfaces, there is a resultant contact force 
"F (not depicted in the drawing) acting on the roller el- 
ement end faces 1 42 and thrust face B as those surfac- 
es rub together. At the same time, a gap e exists be- 
tween the roller element end faces 144 and the thrust 
face C, and a gap d exists between the roller element 
end faces 142 and thrust face A. 

[0019] During the occurrence of a reverse thrust load, 
such as may happen when there is a compressor surge, 
a thrust load acts on the bearing in the manner repre- 
sented by the small arrows labeled M R". The reverse 
thrust load R is much smaller than the primary thrust 
load P. The load R acts to move the cone and cup race 
surfaces apart, unloading the roller elements and bring- 
ing the thrust faces A and C into contact with the roller 
element end faces 142 and 144, respectively. 
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[0020] The following is a comparison of the bearing 
race contact forces generated in a prior art bi-directional 
tapered roller bearing (i.e. such as shown and described 
in U.S. Patent 5,735,61 2) and in a bi-directional tapered 
s roller bearing according to the present invention, as- 
suming the same size bearings under the same operat- 
ing conditions. Prior art bearing: As hereinabove ex- 
plained, in prior art bi-directional tapered roller bearings 
there is no thrust face corresponding to the thrust face 
10 B of the present invention. During primary thrust loading, 
with no thrust face B, the rearwardly facing roller ele- 
ment end faces 1 44 are pushed against thrust face A by 
the thrust load P. In addition, an axial component of the 
roller element centrifugal forces acts on the cup in the 
15 same direction as the thrust load acts on the cup. The 
resulting loads on the bearing raceways are, therefore, 
greater than the loads created solely by the thrust load. 
Bearing of the present invention: With the present in- 
vention, during primary thrust loading, the roller ele- 
ments contact thrust face B. In that situation, the axial 
component of the roller element centrifugal forces acts 
on the cone in a direction opposite the direction of the 
thrust load on the cone. The resulting loads on the bear- 
ing raceways are, therefore, less than the loads created 
solely by the thrust load. Theoretically, there is a bearing 
speed at which the axial component of the centrifugal 
forces will exactly balance the thrust load, virtually un- 
loading the bearing. 

[0021 ] It is clear from the foregoing that, for bearings 
of the same size operating under the same primary 
thrust load conditions, the race contact forces in a bear- 
ing of the present invention is significantly less than the 
race contact force in a prior art bi-directional tapered 
roller bearing. As previously mentioned, for one partic- 
ular application it was estimated that, due to the reduced 
race contact forces under primary thrust load conditions, 
a bearing of the present invention was estimated to have 
a life expectancy at least four times longer than a simi- 
larly sized prior art bi-directional tapered roller bearing. 
[0022] Although the invention has been described 
and illustrated with respect to an exemplary embodi- 
ment thereof, it should be understood by those skilled 
in the art that changes, omissions and additions may be 
made without departing from the scope of the invention 
as defined in the accompanying claims. 



Claims 

1. A bi-directional bearing (100) for facilitating rotation 
about an axis, which is the bearing axis, said bear- 
ing comprising: 

a cup (126) having an annular race (132) ta- 
pered such that said race (132) has a large di- 
ameter end and a small diameter end; 
a cone (128) having an annular race (134) 
spaced radially inwardly from said cup race 
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(1 32), said cone race (1 34) being tapered such 
that said cone race (134) has a large diameter 
end and a small diameter end; 
a plurality of tapered rollers elements (130), 
each having a rolling surface (131), a small di- 5 
ameter end face (144) at one end of said rolling 
surface, and a large diameter end face (142) at 
the other end of said rolling surface, said roller 
elements being circumferentially spaced apart 
in a single row between said cup race (1 32) and 10 
cone race (134) and contacting said races 
along said rolling surfaces (1 31 ); 
a cup thrust rib ring (146) fixed relative to said 
cup (126), said cup thrust rib ring having an an- 
nular thrust face (A) at said large diameter end 15 
of said cup race (132) and extending radially 
inwardly therefrom, said large diameter end 
face of each of said roller elements (130) being 
disposed adjacent and facing said thrust face 
(A); 20 
a first cone thrust rib ring (1 54) fixed relative to 
said cone (128), said first cone thrust rib ring 
(154) having an annular thrust face (B) at said 
large diameter end of said cone race (1 34) and 
extending radially outwardly therefrom, said 25 
large diameter end face (142) of each of said 
roller elements (130) being disposed adjacent 
and facing said thrust face (B); 
a second cone thrust rib ring ( 1 56) fixed relative 
to said cone (128), said second cone thrust rib 30 
ring (156) having an annular thrust face (C) at 
said small diameter end of said cone race and 
extending radially outwardly therefrom, said 
small diameter end face (144) of each of said 
roller elements (130) being disposed adjacent 35 
and facing said thrust face (C); 

wherein, (i) during primary thrust load opera- 
tion, with an axial thrust load acting to move said 
cup race (1 32) and said cone race (1 34) closer to- 40 
gether, there is a gap (d) between said thrust face 
(A) and said large diameter end faces (1 42) of said 
roller elements (130) and between said thrust face 
(C) and said small diameter end faces (144) of said 
roller elements (130), and contact between said 45 
thrust face (B) and said large diameter end faces 
(142) of said roller elements (130), and, (ii) during 
reverse thrust operation, thrust face (A) is in contact 
with said large diameter end faces (1 42) of said roll- 
er elements (130) and thrust face (C) is in contact so 
with said small diameter end faces (1 44) of said roll- 
er elements (130). 

2. The bearing according to claim 1 , wherein during 
operation of said bearing (100) said cup (126) does 55 
not rotate and said cone (128) and roller elements 
(130) rotate about said bearing axis. 



3. The bearing according to claim 2, wherein said 
bearing (1 00) is a main shaft thrust bearing in a gas 
turbine engine. 

4. The bearing according to any preceding claim, 
wherein said first cone thrust rib ring (1 54) is integral 
with said cone (128). 

5. A gas turbine engine including non-rotating struc- 
ture and having a shaft (102) supported from and 
rotatable within said structure, said shaft (102) hav- 
ing at least one compressor disk (116) fixedly se- 
cured to one end of said shaft and at least one tur- 
bine disk fixedly secured to the other end of said 
shaft (102), a bi-directional tapered roller bearing 
(100) disposed on one end of said shaft (102) for 
facilitating the rotation of said shaft and for transfer- 
ring thrust loads to said structure, said roller bearing 
including: 

(a) a cup (126) having an annular race (132) 
tapered such that said cup race (132) has a 
large diameter end and a small diameter end; 

(b) a cone (128) having an annular race (134) 
spaced radially inwardly from said cup race 
(1 32), said cone race (1 34) being tapered such 
that said cone race has a large diameter end 
and a small diameter end; 

(c) a plurality of tapered roller elements (130), 
each having a rolling surface (131), a small di- 
ameter end face (1 44) at one end of said rolling 
surface (131), and a large diameter end face 
(142) at the other end of said rolling surface 
(131), said roller elements (130) being circum- 
ferentially spaced apart in a single row between 
said cup race (132) and cone race (134) and 
contacting said races along said rolling surfac- 
es (131); 

(d) a cup thrust rib ring (146) fixed relative to 
said cup (126), said cup thrust rib ring (146) 
having an annular thrust face (A) at said large 
diameter end of said cup race (132) and ex- 
tending radially inwardly therefrom, said large 
diameter end face (142) of each of said roller 
elements (130) being disposed adjacent and 
facing thrust face (A); 

(e) a first cone thrust rib ring (1 54) fixed relative 
to said cone (1 28), said first cone thrust rib ring 
(154) having an annular thrust face (B) at said 
large diameter end of said cone race (134) and 
extending radially outwardly therefrom, said 
large diameter end face (142) of each of said 
roller elements (130) being disposed adjacent 
and facing thrust face (B); and, 

(f) a second cone thrust rib ring (156) fixed rel- 
ative to said cone (128), said second cone 
thrust rib ring having an annular thrust face (C) 
at said small diameter end of said cone race 
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(134) and extending radially outwardly there- 
from, said small diameter end face (144) of 
each of said roller elements (130) being dis- 
posed adjacent and facing thrust face (C); 

5 

wherein said cup (126), cone (136), cup thrust rib 
ring (146), first (154) and second (156) cone thrust 
rib rings and roller elements (130) are arranged 
such that during operation of said engine (i) with the 
engine primary axial thrust load acting to move said 10 
cup race (132) and said cone race (134)closer to- 
gether, said thrust face (B) is in load bearing contact 
with said large diameter end faces of said roller el- 
ements (130), and thrust faces (A) and (C) are both 
spaced from said roller element end faces 15 
(142,144), and, (ii) with the engine reverse axial 
thrust load acting to move said cup race (132) and 
cone race (134) further apart, said thrust faces (A) 
and (C) are in load bearing contact with, respective- 
ly, said large diameter end faces (1 42) of said roller 20 
elements (130) and said small diameter end faces 
(144) of said roller elements (130). 

The gas turbine engine according to claim 5, where- 
in said cone (1 26) is fixed relative to said shaft (1 02) 25 
and rotates with said shaft. 

The gas turbine engine according to claim 5 or 6, 
wherein said first cone thrust rib ring (1 54) is integral 
with said cone (1 28). 30 
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(54) Bi-directional tapered roller bearing 



(57) A bi-directional tapered roller bearing 1 00 has 
a first cone rib ring thrust face C adjacent and facing the 
small diameter end faces 144 of roller elements 130, a 
second cone rib ring thrust face B adjacent and facing 
the large diameter end faces 142 of the roller elements 
1 30, and a cup rib ring thrust face A adjacent and facing 
the large diameter end faces 142 of the roller elements 
130. The bearing components are arranged such that, 



during primary thrust load operation, there is a gap (e) 
between thrust face C and the small diameter end faces 
144 of the roller elements 130, a gap (d) between thrust 
face A and the large diameter end faces 1 42 of the roller 
elements 130, and contact between thrust face B and 
the large diameter end faces 1 42 of the roller elements 
1 30. With this arrangement, bearing roller element cen- 
trifugal loads act to reduce the contact forces between 
the roller elements and the bearing races. 
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